In this study, the tricalcium phosphate [β-Ca 3 (PO 4 ) 2 ] behaviour using MgO and TiO2, respectively as additives has been investigated. The introduction of these additives is to control the phase transition of TCP during thermal process. The tricalcium phosphate (β,α) phases change when the temperature of sintering increase and/or during cooling down. To investigate the phase transition we examined tricalcium phosphate powder doped using 5 mol % of MgO or TiO 2 . The β-TCP and additives powders were mixture with acetone and dried using rota-vapour to eliminate all the solvent at 45ºC for 3 h. After this procedure the powders were uniaxially pressed at 50 MPa and sintered in air-atmosphere at 1100°C to 1200°C for 5 h. All the sintered compacts were measurements by relative density, porosity, shrinkage, shrinkage rate, and the polished and fracture surfaces were investigated using a scanning electron microscope (SEM). To verify the transition phase the differential thermal analysis (DTA) and X-ray diffraction studies were carried out. The experimental results of relative density showed 92 % (MgO) and 90 % (TiO 2 ) at 1200°C.
Introduction
Calcium phosphate-based bioceramics have been in use in medicine and dentistry for more than 20 years [1] [2] [3] [4] . Applications include coatings of orthopaedic and dental implants, maxillofacial surgery, otolaryngology and scaffolds for bone growth and as powders in total hip and knee surgery. Different phases of calcium phosphate ceramics are used depending upon whether a resorbable or bioactive material desire.
The development of special designs and fabrications ceramics for the repair and reconstruction parts of the body with calcium phosphate bioceramics powders are using to obtain biomaterials with good biocompatibility and for implants materials [4] [5] . Calcium phosphates as tricalcium phosphate, [β-Ca 3 (PO 4 ) 2 ] and hydroxyapatite, [Ca 10 (PO 4 ) 6 (OH) 2 ] are promising compounds for bone and tooth implant materials [4, 6] the hydroxyapatite are unique biocompatibility feature among phosphate groups [5] while those of tricalcium phosphate are bioresorbable [9] . This behaviour allows that tricalcium phosphates (TCP) to be used for resorbable implants and coatings on inert materials to improve the interface between a prosthesis and surrounding tissues and is a very reactive, TCP can exist under different phases (β, α) [9] . However, β-TCP composite has the disadvantage that it cannot be sintered with a high densification because the transition phase β to α near 1180ºC [10] and dense hydroxyapatite ceramics must be sintered above 1200ºC.
One of most important goal is the densification of β-TCP ceramics using high temperature without the phase transition of β to α [10] . The principal difficulties to use β-TCP ceramics are achievement of high-strength and single phase composition.
The flexural strength of dense β-TCP ceramic is reported at 138 MPa [11] which value is lower than that for dense human bones. Bonfield relates [12] that implant materials with similar mechanical properties should be the goal when bone is to be replaced.
Research of β-Ca 3 (PO 4 ) 2 properties shows that some advantages in use metal-oxides such as MgO that also affect the densification of bioceramic compacts [13] . The presence of Mg in calcified living tissues (about 0.5% in bone or tooth enamel and more than 1% in tooth dentine) [5] suggests that this element could improve the biocompatibility of TCP materials. In this work the tricalcium phosphate [β-Ca 3 (PO 4 ) 2 ] was doped with MgO or TiO 2 to investigate the phase transition control at high temperatures.
Experimental procedure
The commercial β-Ca 3 (PO 4 ) 2 powder (Chemische Fabrik, Germany), magnesium oxide (MgO) and Titanium dioxide (TiO 2 ) (Aldrich-Sigma, Germany) were used. To obtain green bodies specimens each samples contained 5 mol % of additive. The samples were mixed with acetone as solvent and dried in rota-vapour at 45ºC for 3 hours, and finally sieved (60 mesh) to obtain a fine powder. The mean particle size of the powder, as determined by a particle size analyser (Laser-2000, Germany) was in the range of 2.68-2.80µm. The mixed powders were uniaxially pressed at 50 MPa to form cylindrical compacts with diameter of 25 mm and a thickness of 2.5mm. The specific area of β-TCP powder was measured according to the Brunnauer Emmet Teller (BET) method on a Micromeritics apparatus [14] .
The compacts were heated at the rate of 10°C min -1 , 1100ºC and 1200°C, maintained during for 5 h (Nabertherm) in air atmosphere, followed by free cooling in the furnace. The shrinkage and shrinkage rate of the samples during heating were measured with a horizontalloading dilatometer with alumina rams and boats (DIL420C, Netzsch Instruments). The densities of the sintered compacts were measured by Archimedes method using distilled water. Weight and dimensional variation were measured by weighting and measuring the sample dimensions before and after pyrolysis. The bulk density was measured picnometrically (Carlo Erba Instruments) at 25°C, using Hg as replacement liquid and the open porosity of the sintered specimens (AG204, Mettler Toledo).
The element impurity content of β-TCP powder was determined by chemical analysis using ICP measurements. The calcium was determined by standard EDTA techniques, and the phosphate was determined spectrophotometrically (Spectro Analytical Instruments). To investigate the phase transition the compacts samples were examined using a Siemens D-5000 X-ray powder diffractometer, with graphite monochromatized (Cu-Ka radiation). For reference the β-TCP-doped were mixed in known quantities until cooling down and quenched at high temperature to allow the phase transition (β , α). The XRD powders were obtained between 1150°C and 1250°C using 2θ range 25-70°. Microstructures of the β-TCP-doped sintered samples were analyzed by a scanning electron microscope (SEM) (Quanta 200, Germany) coated with a thin layer of gold, at different magnifications.
Results and Discussions

Chemical Analysis
The characterization of commercial β-Ca 3 (PO 4 ) 2 powder by chemical analysis using ICP method shows a higher concentration of Mg and Na. These impurities were considered to affect the behaviour of the β to α transition. The preparation of commercial TCP has quantities of impurities into Ca(OH) 2 . Some kinds of elements like: Mg, Al, Na, Ti [10] can influence the phase's transition observed in this research and confirmed by chemical analysis. Chemical analysis data are given in Table 1 .
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Sintering behaviour of doped-β-TCP
The shrinkage and the shrinkage rate of doped-β-TCP samples are shown in Fig.1 (a)  and (b) . The shrinkage of doped-β-TCP occurred rapidly from 850°C to 1250°C. Above 1250°C the expansion of the samples volume and a little shrinkage were observed. The curves shows a peak, which can be attributed to the phase transition of (β , α) TCP. Literature data shows that the addition of Mg increase the temperature of the phase transition to over 1180°C [13, 16] . However the commercial β-TCP powder used in this work has some quantity of Mg (see Table 1 ) this can have influence to the final results. In Fig.1 (b) . The shrinkage rates of the samples shows that the phase transition of β-α (TCP) was close with the expansion of the samples volume. In particular it has been reported that the transition temperature depends of the synthesis conditions and substitution ions [15] [16] . 
X-ray Diffraction (XRD)
Analysis by XRD of doped-β-TCP are shown in Fig.2 . The results obtained have been compared with conventional room temperature XRD measurements and quenched samples at 1100°C to 1250°C obtained at 50°C intervals. During cooling down, while the β-TCP remains nearly constant, α-TCP tends to disappear, and lower the total TCP concentration. The TCP samples showed until 1250°C only β phase during free cooling and quenched samples. The results obtained were comparable with the other literature data (room temperature XRD of quenched samples) which showed until 1300°C only β phase [9] [10] . The Fig. 2 shows only β phase of doped-TCP until 1250°C. The results confirmed that the metal-oxides stabilised the β phase. The XRD pattern on sintered x-TCP (x = MgO, TiO 2 ) ceramics also show that the presence of β-TCP peaks are not related to any α phase. The 5 mol % amount used in this study was higher that predict from the phase diagram [10] . 
Effects of sintering temperature
The compacts sintered at 1100°C to 1200°C showed a relative density between 69-92 %. The results are shown in the Table 2 (Fig.3) . These values correspond to the density calculated by the mixture rule, considering the theoretical density of β-TCP from about 3.07 g/cm 3 . The compacts investigated showed porosity between 4-30 %. The result is in accordance with the relative density. However, it was observed that the microstructure showed micro-cracks between 1150°C to 1250°C. Probable formed by small expansion during transformation to α phase or caused from the reversible α-to-β phase transition with additives during cooling down to room temperature. 
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Conclusions
The experimental results of this study show that only β phase was found in XRD analysis until 1250°C, and the amount of 5 mol % of MgO or TiO 2 was sufficient to increase the phase transition temperature of β-TCP. Maximum values of relative density 90% (MgO-TCP) and 92% (TiO2-TCP) until 1200ºC were found. The SEM micrographs for the polished and fracture surfaces of sintered doped-β-TCP samples showed the presence of micro-cracks which reduced the flexural strength property.
